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I 1'
A SM =ITS FREE-E=CTRCN ASER

Luis R. Elias

University of California at Santa Barbara

Santa Barbara, California 93106, USA

inzroduction - - -

:-ree-electron lasers Mlts) are owerOl --
* sources of electroagetic radiation carable of --

operating efficiently over a broad band of
frequencies spanning fzom the VaCUm- -
3Dctrum. The first demonstration of short-

wavelength M coherent radiation took place atStanford University in 197 . Since -hen, many"-

other research laboratories througout the
-world have initiated research programs periods long and that the length of each period
oriented toward the development of these t7pe is Ao Classical Electrodynamcs predicts that
of devices . At the University of California, an 'eectron will, in the absence of an
Santa Barbara a major experimental effort is stimulating electrometic field, radiate a
mderway to develop low-voltage free-electron periodic electromagnetic pulse T periods long.
lasers operating in: a) the ? region using a Because of its motion, the radiation fields
sinale-etage M design and b) the uv-visible- generated by a single electron have an angar
ir region using a two-etage M device. distribution of cower peeked along the

electrons's direction of motion. For an
A major portion of this presentation is electron moving with relativistic speed most of

devoted to exami-ing, in a tutorial maner, the power is radiated within a cone Iaaving a
the basic single-particle physics of free- half angle value of i/y, where -imc2 is the toal
electron lasers and discussing in some detail energ of the elecron. M= effect is
he imortant design considera-ions of the' UM. illustrated in figure 2. Also becase of its

motin an electron in a M will radiate over a
range of wavelengths whose value depends on

Basic ?hyics angle of observation a and on electronnormalized longitudina-W 3Z . It is given

pe oeration of a -M is based on the by:
?mliZ'1csnion of electrcmagetic radiation by
as% electrons mving throgh a periodic o (1/<8z> - cos (e))
electromagnetic structure. A typical system, as
ZLLustrated in figure 1, contains the following -

-hree basic components: a) a monochromatic
electron beam, b) a periodic static sagnetic /7
field generated by either an array of permanent
=agnet3 'wiggler or undulator) oriented with
alternating magnetic field polarity or by a
:eriodic arragement of current carrying V
zonductors, and 0) an electromagnetic
resonator.

An electron nving through the magnet-

array Jwi 4o so describing a classical SPONTAEUS RAISATIO PATIE
periodic t-ajectory in whicn the orbit plane is
:er.endicular to the direction of mag etic Figare 3 snows a Plot of as a fction of

a in figure 1. As a result of its angle of observation ford different electron
cer_.odic centripetal acceleration the electron energies. Along he direction of moTion _-

-adiate sontaneoualy initially) into the ravon "avelennh is sqoruet. A )
-ne avrty reseonaor. After the first few degrees the raiadion wvelenth is equal tO
:ouees Laide the :avity, the adiated field the Mgnet period and at 180 degrees there 's a
•1. Z--ll-. te - ion by othe" electram. me cactwsrd wave ith avelength equal to twice
-3 ? eet.c s"nplifaico zr'oeeu wi.2. the mgm priod.

=C,:. :ni he AIO -cdes gE"finL
Mne s.eccral .urity of the -adiat-ion f e

rodced by a single electron -s li fted bz the
..-s-ai -.- t-hant ne "cati "z o . :nbe of magnet periods. The 9D

ml • , -- ,,. mn ... ..-



.1 ro~~se bucnL4 forces -he electrons to
10 radiate in chase with eacn other and --n nnase

I 0  with the input wdave.

*T Mhe mx.sm- small signal ;ain of a free

t ~ ~electron laser an be wriltten as follows:

[aC, 3EAM CURR~ENT '5)
:~E.7 , Z_ 4DE XREA \- N/'

4. * E
I. 30 Mo 4*ere 3 is -,he peak amplitude -,f the mndulator

magaetic field. ?or a fixed wavelength the
Hgare 3. iependence of q= 17 1a i a = on electron

FEL WAILEMMenergy is illustrated in .figure 6 MlTe
PU. AVU.d0Thresonance energy vR can be aluatdfrom

listribution of radiation at a fixed angle of equation (1) . dWave aMo1 ification 'sTialated
observation is9 shown in figure 4-. Me bandwidth eamssion) occurs for energies sligatly greater
of' radiation is given Iby the following than resonance energy and wave attenuation
avvroximate relation: (stimul~ated abeorbtion) takes cJlaoe for

COHERENT FEL RADIATION PULSE
(2)

1.00
Figare4.
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"hen a beam of electrons is injected into
the undulator, each electron radiates
,ndependently. -he resultant synchrotron

-adiation field can be described as a
surermosition of wdaves emitted by individual
el-'ect:,rns but with random hases. 3owever, in
te presence of an input Wave haU'ing the
arpnlate resonance wavelentb feutoh1
i.4s -.ocsible to exhange energy between the

* oalectr;-on besm and the inot wave in such a
* anner -tnat a=viification of the input wave cmn

-esul:. This =ocess can be interoreted as a o
z cnst'act ve interference of radiatlon oulses INITIAL RE-SONANCEOO
== ted byIndividual electrons. The correct rnergsslhtyowrha rsnnc
nasing 3f -.he electrons is Produced by a net electrnee~e l~ty.vrta eoac
=gn.:udinal force which tends to bunch the energy.
eieer= been with tlie periodicity Of the ir~ztMeeaesoers ain rgrig-i

4sve. The effect of the hmncirng rOCO is hr r ~ r~~i~oE r~dn hI lusrated 4-n figure,: Showixng ths 'im otical jua2.ty f electron bsin -squred toc
!erendence of thie Mrua t electric field dr-ive :~'a. order for electrons to mun=i
azpi; tine aenerated by a shortxe Pulse of veloci't7 syn irn wim th the a= wav -.

as -beerve at% a fixe coint La is necssay ttat t.heir lorigtudinal elct
aan. !,t the :tepanng :d -25 t-rac the Jule be mauller thm the gain amllficatilon
su -ant elect.C fil .43 isM11 39C8111 toe oinvxdtb.. MMefouloving rel ation lae.nries

9OrtrE e not ..a3d :~to- snnn. A time aproximtely such -ordit'ion:'



" . < Ne(6) signed at "WCSB. :t is -a emi-open :avity.
consisting of t-o paraLlel =etall c oiates
w hich giiie -he " aves .n -he :ert.cal

A sumsry Of the rwe of "wavelengths direction. :n the horizontal. lirection -he
attainable 'with present electron accelerator optical beam is contatned by ylindrcai mirros
technnology is shown in figure 7. located at each end of 'he resonator. Aionceptual illustration af the resonator is

presented in figure
W*VuMH-

.,". ,". 1@" ,"-- ,m- Table : below summarizes the iamor-.ant
expected optical c-haracteristics of the :'?f-

[ ] CB in its initial configuration.

[ CW46YAN . T 'able I. -meted UCSB M outical
.. a-rc eristics

Wavelength 380 micron
: 4 ?4re 7. Deak paver is -a

Alse length 4-20 microsec
'ulse rate 20 FZ
Optical mode dimension

FnlJy, the amount of power that can be vertical 2.0 cm
extracted frm electron beam moving throug a horizontal 4.0
constant period undulator is approximately Optical resolution < 1/10000
given y: %unability 7- 2000 micron

P LASER P E. 3EAM / N (7) Later on in 1905 the UCSB M -dill be
tested as a two-etage device. The range of
wavelength that will be covered with this mode
of operation is from the vacuum ultraviolet t-o
the nea M.. Uh.e SB M Project

?irally, a condensed mater research effort

At the University of California at Santa using the M radiation fro the M ,ill soon
"arbara a free-electron laser research prog-M be initiated in colla ration with other
is underway to s tdy the operation of " ' scientists a UM. tf mcesful, the Program
based on electron beam generated by will be expanded to allow other US scientists
electrostatic accelerators. A concetual to utilize this mique source in other research
drawing of the system is presented in figure areas m=h as chemistry and biology.
The major features of this device are:

- Long wavelength, contirmous ttmability

-5 micron to 2000 micron

- High Laser ?ower

= 8 ;Cw <P= 200 watts

H4:Zn ctical Resolution

- zzgn zcrerating efficiency

10 -6
-1. "ow tu. radiat'ion levels,

.he 'CSB electrostatic-eccelerator electron -
-eam 3ystem :.3 -dell suited to drive F-'MI s n .
--e =ALI-J-eter-FT-7 region becase : t "he sytem
.overs -! 7:, rcoer opoerating electron energy

i r-_nge, " generate a oet'ter tso requir-ed
q ual. -'/ 3iewro and c:; -he unse

energN7 :f -ne Iec-.ron ': s a e r c ve red

ri.nize net aain mi.Lficatlon. -a aw
,e ;f iec et'c resonator ras been

ill
-I m m imiia ilm i E I


